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NUHMERICAL PROCEDURES FOR THEE CALCULATION

OF THE STRESSES IN MONOCOQUES
Il — DIFTUSION OF TENSIAE STRINGER LOADS IN REINFORCED
FLAT PANELS WITH CUT-QUTS

By N. J. Hoff and Joseph Xempner

SUMMARY

Experiments were carried out at the Polytechnic Institute
of Brooklyn with a flat reinforced sheet model the longitudi-~
nals of which were loaded axially. In the first group of
tests one pansl of shoet, and in the second group two panels
of sheet and the intervening portion of & sitringer, were cut
out, The stress distribution in stringers and sheet was
moasured with slectric strain gages. The stresses were then
calculated with the aid of a procedure of, successive approxi-
mations similar to the one presented in YioA TH No, 934 (ref-—
erence 1). The agreement botween calculations and experiment
was found %o be reasonably good.

INTRODUCTION

Tho methods of and the formulas used in the @Halyels of
monocoque aircraft structures have been developed almost in- -
variably for cylinders of circular, or possibly elliptie,
cross soction and of uniform mechanical propsrties, Yet in
actual ailrecraft such structural elemonts are seldom, if over,
found., Unfortunately, the dircct methods of analysis arec
little suited t0 cope with the problems involving complex
cross—sectional shapes, irregular digtribution of reinforcing
eloments, concentrated loads, and cut—outs, It ig belisved
that tho indirect methods recently advanced by Hardy Gross
and particularly by R. V. Southwell, (references 2 and %)
promise a solution of such problems.,

In this indirect approach the stress distribution in a
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structure under specified loads is determined through step~—
by-step approximations. In esach step the state of distor-—
tion of the structure is arbitrarily modified and the
gtresses corresponding to the distortions are calculated,
The proceduroc must be continued until the sitresses and the
external loads over the entire structure are in equilidriunm,
When the stops are undertaken at random, the procedure is
likely %o lead to a solution only, if ever, after a very
great number of stepse If the calculations arec to be well
convaergent — that is, if a roasonably rapid approach %0 the
final stato of distortion is $0 be attaincd —~ the steps
must be underbtalen according t¢ sultadble predetormined pat-—
terns, This is tho reason Southwell called the proccdure
the Hethod of Systomatic Roelaxations. :

It is tho object of the present investigations to de—
velop patterns which make a solution possible, with englineer—
ing accuracy, through a limited number of steps. This end
is approached by means of theoretical considerations, strain
measuremnents, and comparative calculations,  The lmmediate
goal 1s to work out a procedure which permits the soclution
of the compleox problems previously mentionsd, even though
approxinate reosults arec 2ll that may be attained for the
tirde beilnge

The proceduro can bo refined so that it will give more
accuratc rosults., It is planned to carry out this develop—
sent after the more imnediate problems are solved.

In this second report exporiments are describved which
werge performed in the Aircraft Structurce Laboratory of the
Polytechnie Institute of Brooklyn with two flat shoet~
stringer conmbinations each having a cut—out. Tho stress
distribution under concentrated loads was investigated with
the aid of Baldwin-Southwark Metalectriec strain gages. Dis-
placencnt patterns were doveloped for theo step—by-—~step pro—
cedure the use of which permits o rapid convergence of the
computationss The rosults of the calculations wore in rea-—
sonably good agreement with the tests.

This investigation, conducted at the Polytechnic Insti-
tute of Brooklyn,was sponsored by and conducted with the fi-
nancial assistance of the National Adviscry Comnmittee for
Aeronauticse For his aid in the tests and the calculations
credit is due Ivan P, Villalba,

SYMBOLS

b distance between adjacent longitudinals
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h distance between adjacent transverse reinforcements
t thickness of sheet

u horizontal displacement

Uy iock horizontal block displacement

uy horizontal displacement of point X

Un tot total horizontal displacement ef point XN

v vertical displacement

Yvieck vertical block displacement

N vertical displacement of point N

Vn tot total vertical displacement of point XN

x, ¥ corrdinates

IXMN influence coefficient signifying a force in the

x-Qirection at the point M due to a unit X
displacement of point XN

;§MN influence coefficient signifying a force in the
x—Girection at point M due to & unit y dis~—
pPlacement of point N

f;MN influence coefficient signifying force in the y-—
direction at point M due to a2 unit y dis—
prlacement of point N

)

T XMy influence coefficient signifying a force in the y-
direction at point ¥ due to a unit x dis-
placement of point N

Atot total effective cross—sectional area of a stringer

A—Q symbols used to designate points of intersection of
longltudingl and transverse reinforcements

B, M, T symbole used to designate bottom, middle, and top

horizontal sections, respectively, of model
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B1 location of point B after displacement
B modulus of elasticity

G modulus of elasticity in shear

K numerical constant

.5 length

LMN distance between points M and N
Ox direct stress in horigeontal reinforcing strip

Oy direct stress in vertical reinforcing strip

l -.°386 symbols used to designate straln gages

I - IV symbols used to designate stringers
EXPRERIMENTAL INVESTIGATIONS

The test model shown in figure 1 consisted of a flat
sheet of 24 5—T aluminum alloy reinforced with longitudi-
nelly and transversely arranged steel strips. The model
was the one used for the experiments described in reference
l, but for the first group of the present tests one panel
of sheest, for the second group of tests two panels of sheet
and the intervening portion of a stringer, were removed.
The resulting structures will be referred to as "model with
single cut—out," and "model with double cut—out," respec—
tively.

The test apparatus was the same as that used for the
exporiments describved in reference l. Equal tensile forces
applicd a8t tho four botton stringer extensions were balanced
by cqual tensile forces at the ¥wo top stringer extonsions.
The double cut-out condition' of the model is shown in tho
photographs of flgures 2 and 3. Two angle irons were usod
t0o prevent the lower edge of the cut—out fronm buckling,
These acted like the lugs described in reference 1 which
supported the uppor edge ¢f the model. A lubricated sliding
contact botween a fitting at the end of the angle irons and
the lower cdge of the cut—out prevented restraint in the
plane of the sheet.



NAGA TN No. 950 5

Loads and strains were measured with Baldwin-Southwark
Metalectric strain gages. No details of the measuring tech-—
nique need be given here since the procedure followed was
the same as that described in reference l.. The square of
aluminum and steel to which the dummy gages were cemented 1s
clearly visible in figure 2. Tests were performed on the
modal with single cut—out at load increments of 240 and 498
pounds, and on the model with double cut—out at load incre-—
ments of 248 and 492 pounds. A tare load of 240 pounds was
used for a2ll tests. Since the stresses obtained for the
higher load conditions were practlically double those of the
" lower, the lower load condition only was used for compari-— -
son of experimental and calculated stresses.

The experimentsl data were analyzed in the same manner
as in reference 1. For all stress calculations the modilus
of elasticity was taken as 30 X 10% psi and 10.3 X 10%
psl for steel and aluminum, respectively, .

The total effective width of sheet for both model con—
ditions was taken as that obtained for the flat sheet in,
reference 1t namely, 6.72 inches. As was done previously
the overlapped portions of the sheet at the central stringers
were assumed fully effective in carrying normal stresses.
Consequently, the average total effective area of a verti-
cal or horizontal edge stringer was found to be 0.1301 square
inch, that of a central vertical stringer 0.1418 square inch,
and that of & central horizontal strip 0.1381 squaré inch,.
For the stringers adjacent to the cut—out these values were
necessarily modified to 00,1256 and 0.1337 square inch for
segments HM and GL, respectively (see fig, 7) and to
0.1301 square inch for strips GH and IM, Dbecause of
the absorce of panel GHML, Similar changes also were made
when the model with the double cut—out was considered. The
values for FK, FG, and KL (see fig. 8) became 0,1337,
0.1301, and 0,1301 square inch, respectively. It should
be noted that the areas of effective width of the aluminum .
sheet had been converted into equiverlent areas of steel.

The values given in the preceding paragraph will be
used later for the calculation of the influence coeffi-
cients needed for the relaxation procedure. ' ’
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DERIVATION OF THE FORMULAS USED IN THE

SUCCESSIVE APPROXIMATIONS PROCEDURE

As in reference 1, the unit of the elastic structure
considered in this paper consists of a panel of sheet mebtal
and the four segments of bars fastened to its edges (fig.

4)., It is assumed that the bars are attached to one another
by ideal pins and that they have infinite rigidity in bend—
ing. In reference 1 only the forces acting in the vertical
(¥) direction were taken into mccount. Oonsideration of

the horizontal forces was unnecessary because of the symme-—
try of tho structure and loading about a vertical axig. 1In
the proesont investligations, the loads are still applied
symnetrically, but the symmetry of the sitructure is destroyed
by the cut—outs. OConseoquently, it is necessary to calculate
the equilibrium of the horizontal forces acting in the strue~
ture, and thus two more types of influence coefficients nust
be developed 1ln addition to the ¥y influence coefficients
derived in referencs 1.

I% follows from the derivations presented in reference
1 that the ¥¥ influence coefficients pertaining to point
B of figure 4a — that is, the vertical forces transmitted
to the constraeints at points A, B, €, and D when
point B is moved through a unit distance in the positive
y direction — can be given by the following equations:

= ¥ypB = Gth/4b
Ehyoy /B —~ Gbh/4D (1)

A

td

C

9D DD
td
L}

~(EAfgt/h + Gth/4Db)

BB

It is obvious that a horizontal force arising from a
unit horizontal displacement is analogous t0 a vertical
force arising from a unit vertical displacement, Consequent—
ly, if point B in figure 4 is displaced through a unit dis—
tance in the positive x—direction, the following influence
coefficients apply:

£Xp3 = (BAgogp/d — Gtb/4h)
EEGB = £Xpp = Gtb/4k (2)
xxpp = —(Ehy o4 /D + Gtb/4h)
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It should be noted that the quantities G¢b/4h and
Gth/4b are unit forces caused by the resistance of the
sheet to shearing deformations., By the law of the comple—
mentary shearing stress, however, horizontal displacements
also must give rise to vertical shearing forces, and verti—
cael displacements to horizontal shearing forces, Conse—

quently, there are couplings between guantities pertaining

to the vertic%l and EEB horizontal directions which can be
expressed - by ‘xy and yx influence coeficlents., Those corre—
sponding to a displacement of point B as shown in figure
4 are given by the following equations:

cB = ¥ipp = Gt/4

) W)

(3)

fl

yxpp = —Gt/4

e

XAB

Similarly, through the consideration of the effects of
a unit vertical displacément of point B the following
foruulas can be derived: :

zygp = XIpp = —G6/4
(4)

ﬁAB xyBB Gt /4 :

When the structure consists of several panels as in
figure 5, the effect of &all of them must be taken into ac—
count simultaneously. Therefore, the following influence
coefficients can be culculated through consideration of the
displacements of point A:

XXp, = XXp, = XXg, = XXy, = Gtb/4h

XXg, = Gtb/2h

H

2l
(@]
&

i

£RXpy = XXy = (BAg,e/d — 6tb/2h)

(58)
XXy, = ~(2BA, . /b + Gtb/k)

',YXBA‘ = y"-:\cFA = G’t/4

~—~ ——
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F¥py = F¥p, = F¥py = ¥y, = Gth/4d

f?xa = g, = Gth/2b

Vo = F¥gy = (EAtot/h — Gth/2b)
(8)
Ty, = —(2EA, /b + Gth/b)

X¥gy = X¥py = /4

i}HA = =Gt /4

Influonce coefficlents which do not appear in the forego-
ing equations are equal t¢ zero, It should be noted that the
following relations exist between influence coefficlentst

EXyy = gy
YYMy = YVnu (%)
£y = TRy

These equations follow from Maxwell's reciprocal theorem,

They may be easily verified with the aid of the formulas given
above, .

The operations table and relaxation table are set up in
a manner seimilar to that described in reference 1., The nor—
mal stress in a segment of a horizontal or vertical strip
betweoen pointse M and N, =and P =and Q@ is, respectively,

\

ox = (uy = wy)B/Iyy

(8)

Sy
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APPLICATION OF THE RELAXATION PROCEDURE

T0 A MODEL WITH CUT-OUT

The procedure adopted for the caleulation of the stress
distrivution in the reinforced panel with a cut—out was as
follows:

First the complete structure (without the cut—out) was
balanced. Then the unbalanced forces were determined corre—
gsponding to the displacements of the complete structure and
to the influence coefficlents of the model with the single
cut—out. These unbalanced forces were reduced in ths third
stop to negligible quantities through a aumber of relaxa-
tionse. Tho displacement pattern thus obtalned was used for
a first opproximation t0 the distortions of the model with
the double cut—out. The unbelanced forces corresponding to
this pattern and to the influence coefficients of ths model
with the double cut—out were calculated and reduced through
relaxations to negligibly small values.

The procedure was found to be rapldly convergent silnce
the cut—outs materially affected the displacements and
stresses only in their immediate neighborhood, The double
cut~out condition could haveo been calculated directly from
the complete structure, but the intermediate case of the
nodel with the single cut—out was needed for the purpose of
comparison with test results.

In figuros 6 to 8 schematic drawings of the three model
conditions investigated are shown. Table 1 contains the
influence coefficionts ¥y, xx, &and %Xy for the model in
its throo different conditions. The tabloc proper was cal-—
culated for the complete modsel, The first auxiliary %tadble
{(starrcd valuos) gives all those influence coefficients
which changed Decause of the single cut-out. The sescond
auxiliary table contalns the influence coefficients the
values of which (marked with a dagger) changed when the
single cut—out was transformed into the double cut-—out.
Bocauso of cguations (7) only one—half of the total nunbor
of the influence coafﬁicients had t0 be listed.

Table 2 is the Operations Table. It contains individ-
ual and block displacements calculated iIn the same manner
ag described in reference 1, Several of the boxes in this
table contain two figures. The upper figure pertains %o
the nodel with the single cut—out; while the lower figure
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holds for the model without a cut—out, Whore only one value
appears in a box, 1t applies to both conditlions of the nodel.

Since both the nodel and its loading are symmetric,
synnetrically slituated points nust displace synmebtrically.
This moans that vertical displacemente of symnetrically.sit—
uated points are equal in both magnitude and sensey while
their horizontal displacenments are equal in magnitude and
opposite in senso. Boecause of these symmetry properties the
group oporations llsted in table 3 are found convenient for
the numerical work of relaxation,

In the first line of the Relaxation Table (table 4) the
exbternal loads are entered. With the aid of the group op-
grations of table 3 the unbalanced vertical forces are re—
duced to negliglble guantities 1In comparatively few steps.,
Details of the procedure followed are not explained here,
since %they wore described in reference l. However, after
these relaxetions have been completed, residual forces which
are not considered negliglble exist In the horilzontal dircc—
tion. The structure must be relaxed, therefore, until the
horizontal forces are reduced to negligibly small guantitios.
Beforo this is done, however, the total displacement given
to each point is obtained and used as a check on previous
work (table 5), It may be seen that the residual forces in
the check table differ slightly from those obtained beforcs
Since thoy define the present state of equililibrium more ac—
curately than do the previous residual forces, rclaxation
should be continued from the values listed in the check
table.

Becauso of the symmetry of model and loading, the hori-
zontal residual forces Just obtained are also symnetrice. As
the uppernost horizontal contalns the points ot which the
greantest unbalances occur, the forces there are reduced
first. It may be seen that a simultaneous dlsplacenent of
points A cud D toward the axis of symmetry of the model,
followed by & similar sinultaneous displacenent of points B
and C, reduces the unbalances considerably (table 6). After
these oporations have been carried out twice in succession,
negligible residual forces remain. .Sincs the unbalances on
the othoer horizontals avre of the same nature, steps sinilar
ta those Just undertaken recduce all remaining unbalances to0
small guantitics. The advantage of reducing the large un—
balances of the top horizontal first is alnost self-evident.
Large unbalanced forces rsquire proportionately large dis-
placenents in the relaxatlion procedure; consequently, forces
which are not negligible are thrown on the points of the
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adjacent horigontal when the top horizontal is relaxed.
However, when the smaller unbalanced forces of the other
horlzontals are reduced, the forces transmitted to the top
horizontal are negligibly esmall, As a matter of fact, in
the present calculations these forces wers fractions of the
unit used in the table and were, therofore, not listed.

Since the effect of the relaxations undertalken in table
6 upon tho forces in the vertical dirsction is negligible,
na further relaxations aro necessary., Howsver, a check is
made in ordgr to ascortain the accuracy with which tho hori-
zontal reclaxatlions have been performed, The residual forces
prosert before the horizontal relaxatlions are entored in the
top row of the Check Table (table 7). No additional vertical
displacenonts were undertaken after the first checkj there-—
fore, o theck involving only horizontal displacenments sif-
ficess The final vertical and horigontal residual forces
are given in the last row of the table. As these forces are
negligibly small, the relaxation of the model without a cub—
out is considered %o be completeds With the ald of equa-
tions (8) and the totial displacements from tables 6 and 7 -
the stresses in all segmenis of the verticals and the hori-
zontalg may De ¢alculated, The calculatioens are presented
in table 8+ It should be noted that E/LMN = 30 X 105/8 =
375 X 104 pegi Ber. inch for each segment,

Tho stresses in the verticals are found to be the sane
as those obtaingd in reference 1, This verifies the assump—
tion of refeorence 1 that the effect of the horizontal dis~—
placenents upon the stresses in the vertical direction isg
small Iin the symmetric models The stress distribution in
the horizontals is given in figure 12,

The problem of the model with the single cut—out now
may be attacked., The numerical work is facilitated by the
use of the Group Operational Table (table 9) preparcd with
the aid of table 1., &g a first approximation the deflesc—
tions obtained for the model without a cut—out were assumed
to be also the deflections of the model with the single
cut—outse The magnitude of the error made can be Judged if
the unbalanced forces are caloculated from these deflections
with the 2id of the values pertaining to the model with the
single cut—out listod in table 2 (Operations Table). These
calculations are contained in table 10, which has the ti%lo
"Check Table of Relaxations for Model without Cut—Out with
Operations Pertaining to Model with Single Cut—~Out.! The
forces are in equilibrium at all joints sxcept those in the
Innediate vicinity of tho eut-out, as was to be expected,
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Unbalance exists in both the vertical and the horizontal
directions at polats G, He L, and My With this condition
as a starting point the modol can be raadily relaxed,

Ags before, the unbalanced vertical forces are reduced
first. Stringer segment MQ is displaced as & unit (tadble
1l1). This step is followed by a displacement of segment
DH, The steps are repeated in the same soequence until a
state is reached at which individual displacement of the
points appear to be advantageocus. Finally, a block dis—
placement of stringer IV reduces the vortical residual
forces %to the magnitudes desired,

. The total displacement given t%o eavh point is found
and is tabulated in table 12, The rosidwal forces obtained
in this table now must be considered. Tley are small in

the vertical direction and comparatively large in the hori-~
zontal direction, In accordance with theo pattermestadlished
in reference 1, through suitable oporations the undbalanced
forces are distributed in such a manner that simulitancous
block displacements of the horizontals ABCD and JELM result
in reducing tho forces considerably (table 13), A few addi-~
tional individual displacements followed by a vertical group
displacemont of the edge stringer DEMQ reduce .the unbalancoed
forces to small quantitiess. Because the solutioh of the
model with the single cut—-out depends on the previous solu~
tion of the complete model, & check table which takes into
account the total displacements of sach point is given in
tadle 14, These displacenments are obtained by adding tho
displacemont of saoch point in table 10 to the disvlacenent
of the same point in tables 12 and 13. Since a few of the
residual forees are slightly larger than desirable, small
adjustments are made in the total displacements of four
pointse The starred values at the end of the table are tho
adjusted values of the corresponding starred values in the
table propers At this stage of the procedure the adjust—
ments were found to be the most convenient means of balanc—
ing the residual forces, The final residual forces appoar
in the last line of the table, -

In table 15 the stress calculations are presented for
the model with the single cut—out.,. A comparison of the
sexperinsntal and the calculated normal stress in the
gtringers is glven in figure 2., The dotted lines in figure
12 represcnt the normal stresses in the horizontals,.

With the soclution of the problem of the model with the
slngle cut—out now avallable, the problem of the model with
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the double cut—out can be solved in 2 nanner similar to that
Just described, The Operations Table for Model with Doudbls
Sut-Out (table 16) is established from the pertinent values
of table 14 With this operations table the Check Table of
Relaxations for Model with Single Cut~Out with Operations
Pertaining to Model with Double Cut-Out (table 17) is calcu~
lated fron the dlsplacements listed in table 14, The resid-
usal forces are¢ entered in the first row of the relaxation
table (tablec 18). A displacenent of peint G, followed by a
rigid body displacement of stringer segnent (G, reduces the
large unbalanced force at G considerably, Similar opera-
tions reduced the force at L, Several individual displace-—
nents are then taken,resulting in residual forces which are
negligibly snall at nost of the remaining points also, 4
rigid bedy displacement of stringer segment DH is found help-
ful in %this processes The unbalances Iin the horigzontal direc—
tion are distributed by displaconents of lndividual points
preparatory tec a horizontal group displacement of the three
upper fislds, which in turn reduces the rogidual forces con—
giderably. A few individual point displacenents then suffice
te attain unbalanced forces in the horizontal direction which
can be considered negligidbly smell, In thils process, howevor,
relatively large vertical forces are iIntroduced at several
Jointse A group displacenment of stringer I, followed by
simultancous displacenents of points &4, B, ¥, and 0, reduce
these remnainlng forces t0o sngll values. The Complete Check
Table for Model with Double Cut—Out is presented in table 15
in which the total displacenents of the Jjoints are listed as
conputed fron tables 17 and 18, Minor adjustnents again aro
nade in the displacenents., They are listed at the end of the
table. '

The stress calculations are given in tadble 20, 4 con-
parison of the experimental and tho caleulatod direct stress
in tho stringers is contained in figure 10, The dot—dash
linaes in figure 12 represent the direct stroess in the hori-
zontal stripse. The variation of the calculated direct stross
in the stringers with the changes nade in the originsl nodel
is shown in figures 11, '

In conclusion, it nmay be stated that, in general, the
agrecnent between calculated and neasured stress is reason-~..
a8bly goode In the case of the model with the single cut-out
the neasured and the calculated stresses alnogt exactly coin-
cide in the graphs along gbtringers I, III, and IV, The
agreentent 1s alnost equally good along stringers II and IV
and ln the upper portion of stringer IJI, in the model with
the double cut—out. In this nodel, however, the stress
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neasured in stringer I is consistently less than that calcu-
latede The probable reason is an underestination of the
load—~carrying capacity of the sheet, especially in the upper
pértion of the nodel. Sinilarly, the rough assunption of a
uniform effoctive width all over the nodel night be respon—
s8ible for the disagreenent between experinent and calcula-—
tion in the neighborhood of the concentrated load applied to
the discontinuous stringer.

CONCLUS IONS

In this second roeport on nunerical procsdures for the
calcunlation of the stresses in nonoczques tests are desceribed
which were carrised out at the Polytechnie Instltute of
Brooklyn in order to sestablish the stress distribution in
sheot and stringer combinations loaded with concentrated
loads applied to the stringers. In the first test model
there was a cut—out involving one panel of sheet, and in the
second modol one involving two panels of sheet and the inter-
vening portion of & stringer. The stresses also were doter—
mined analytically by a step-by—step approximation procedure,
The agroocmont was reasonably good between the results of the
calculations and the experimentse

The suggestions made in the conclusions of the first
report (reference 1) regarding details of the numerical pro—
csduroc again were found to result in a rapid convergence of
the calculations, Moreover, 1t was found that the following
approach is advantageous if there is a cut—out in the shect
and stringer combination:

(1) Calculate the stresses as if the structure were con-—
plete (using influence coefficiente pertaining to the struc—
ture without the cut—out)e.

(2) Consider the displacenent pattern obtained as a
first approximation %o the actusl displacements of the struc—
ture with a cut—out., Determine the unbalanced forces corre—
sponding to these displacements, using the z2ctual valuscs of
the influence cocefficients in the structure with the cut—out,
Reduce these unbalanced forces through a suitable seriss of
relaxations, preferably following the recommendations pro-
sented in the Conclusions of roference 1l.

It ia believed that this procedure will rosult in a
fairly rapid deternination of the stress distridbution in
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sheet and stringer combinations in which the end points of
the reinforcing strips are free to move, provided the cut-—
out is not digproportionately large.

Polytechnic Institute of Broocklyn,
Brooklyn, ¥Wew York, July 1944,
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TABLE L. INFLUENCE COEFFICIENTS FOR THE THREE
CONDITIONS OF THE MODEL. SHEET 1
VALUES FOR MODEL WITHOUT CUTOUT.

nm 9Ynm | %Xnm nm %Ynm | Rnm nm Wom | Enm
X1074| X104 X104 | xi0~* X104 | x1074

AB| 200 | 468 || EU| 468 | 200 || JO| 200 | 200
AE| 468 | 200 || EK| 200 | 200 ||tkL | 400 | 478
AF| 200 | 200 ||tFG| 400 | 478 || kN| 200 | 200
BC| 200 | 488 || FU| 200 | 200 || kO | 492 | 400
BE| 200 | 200 ||[tFK| 492 | 400 || ke | 200 | 200
BF | 492 | 400 ||tFL| 200 | 200 |[|*LMm| 400 | 478
BG| 200 | 200 ||«GH| 400 | 478 || LO| 200 | 200
cD| 200 | 468 ||tGk| 200 | 200 || LP| 492 | 400
CF| 200 | 200 |GL | 492 | 400 || LQ| 200 | 200
CG| 492 | 400 ||xaM| 200 | 200 || MP| 200 | 200
CH| 200 | 200 |[*HL | 200 | 200 || MQ| 468 | 200
DG| 200 | 200 ||{*Hm| 468 | 200 || NO| 200 | 468
DH| 468 | 200 || VK| 400 | 478 || orp| 200 | 468
EF| 400 | 478 || UN| 468 | 200 || Pa| 200 | 468

* VALUES FOR SINGLE PANEL CUTOUT.

GH| 200 | 468 || aM| © o || M| a7, o

GL| 481 | 200 || HL| © O || tM| 200 | 468
t VALUES FOR DOUBLE PANEL CUTOUT. .

FG| 200 | 488 || FL| © o]|le.l o 0

FK] 481 | 200 GK o 0o KL | 200 | 468
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TABLE . INFLUENCE COEFFICIENTS FOR THE THREE
CONDITIONS OF THE MODEL. SHEET 2.

VALUES FOR MODEL WITHOUT CUTOUT .

%y : I T
e ol el o
AB|200|| Ba|-200 || Eu|200 || vE|200|| JO]200|| OJ|200
AE |-200|| EA{200 || EK|200 || KEj200 [|tKL| O ||tLK| ©
AF |200|| Fal2oo||tFe] olltaF] o] wkN|-200}| Nk|=200
BC |2.00|]| cBl200 || Fu|200]|} JFl-200|| kOl o] k] o
BE [200(| eBl-200 |[|tFK| o |ltkF| o] vP|200|| Pk | 200
BF oll FB| o f|tFL|200||tLF|200||*LMm| of|emL| o©
BG |200]|| cB|200 ||*cH| o ||xHc| o || LO}200|| oLl-200
col200|| pcl-200 ||terl-200 | |tkc|-200 |l LP| o] PL] ©
CF |-200 || FC|-200 | I*1GL O | MLG o] Laj200}] Q.}200
cc| ol cc| o||xcMm| 200 ||*MmG|200]|| MPj-200]]| PMm|-200
CH|200|| HC| 200 | |*HL {200 | |*LH [-200 || MQ]| 200 || am|-200
DG [-200|| GD|-200 | |*+M| 2.00 | |*mH{-200 || NO|-200 || ON| 200
DH|[200]|| HOl-200 || | o] KJ| o] or|-200|| PO| 200
EF ofl FE] o] IN|200 || Nu|200 || Pal-200 || @r]| 200

% VALUES FOR SINGLE PANEL CUTOUT.

GH |-200 HG| 200 GL{ 2.00 LG |-200 GV o) MG 0
HL 9] LH 0o HM o MH o) M| 200 ML

t VALUES FOR DOUBLE PANEL CUTOUT.

FG |-200]|| GF|200 || Fr|200 |} kFj200|} FL| ol LF| o
ok| of|l ks| ol|-e.] of] we| o] ve|200]|| Lk|-200
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TABLE 2.. OPERATIONS TABLE FOR MODEL WITHOUT CUTOUT
AND WITH SNGLE CUTOUT. SHEET 2.

(M'ERE TWO FIGURES APPEAR IN A BOX, THE LOWER PERTAINS
TO THE FORMER CONDITION, THE UPPER TO THE LATTER CDNDITDN)

DISPL. [Y, Yo ¥ [ [ [¥ Y [ Vs [ ¥ [t e P P e P
U, = | nms | oopoo]
Ug~ | [oof ofz00] [eoof o pesjorcls]
ug== j@[ﬁﬁd @ GIE’:}A“I I-%Bhr:n"_ﬁ ar banlsands anl
Gy 1 oo | panko peafis | pongoq
| Up o= | A0 © osoiaonl o o A0xE800 100400
o | o v 1 o] | psaes | w0
W =1 Poof ooof Jolofo] Rool ofpen] Roojooioo]  [azapLb Ta|  oolesorzoo
[ Y%~ | Poo] opey] ] O 5] ROOfo s [poo s fpoo
Yl [Roop0) ) gohs poo w8
Luﬂl‘-' o] o o] o' [ ol o *90L0, 100 P o
ol el 1 19191 | ROy pepoel | puoes | psops)
U= | 99| O ¢ 0j0)0) pooj 0ROO) jpoojane AL M
l"l."l e I 015 oo Lo]zno ?°° b
il 400 0 a o olo m = ?%
=1 3 0 0 e e 2
uﬂ-l | I L I e | F"Mf"m 1 %‘gl
Up | | Opoq poo] ofso] e e M
U, = 1 ‘o0 0 poo] ool ofoo oo fanoao]  pesioslacs
Uy~ 1 poofzod | ponizoo) potpoo] | askan
Ugyoa ™! 40 0] 0 jaogjaog] o] ofae] s e )

UNDERLINED NUMBERS ARE NEGATIVE,
FORCES IN LB., DISPLACEMENTS IN IN. X 1074
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TABLE 3. GROUP OPERATIONS TABLE FOR MODEL WITHOUT CUTOUT

DISPL. [Ya|Ya|Ye[Yo [Ye [ Y6 [Y 1Yo Yk L [%4 Y [Yo Yo YQP(A XOP(EXF e
Vy=Vp= | _poseopaobs e Jp20p00p o0k 0olp 00 oo gol
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| Va=Vg=1 [o0psziostloopeofsiz iz oo £ 00[200 00200 200 200 80
V=V =1 Roojst2 512 R.oojoo huajioapsopoolsiz Jsi.2 foof ookookookoo| b.00P.00
Vo=Vp=I ooz 512 poopoofss2 ks foea| poofoo kookoo poo
Ug ~Uc~ | poo .00 2 ey Madaa P00 00 0000
U=Ug T K sl s oo oo aohge
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Ve baofookookad o poohsoboojes Mzehmhwm
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Un—Ug™! | e 200[2008.001200 D8 o146
U~} mkmlmmmlmm D0
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UNDERLINED NUMBERS ARE NEGATIVE.
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‘0gé "oN NI VO¥N

o



DISPL. [¥a Yol Yo I¥o e [% [ [ Y. Y Y. X0 e Yo PPt DXoiepee e X Jedx Dropecpe
EXTERNAL 120} «of 0] o] ¢o
V- Vp 2] 10|~ 4] - 4 TO a0} =] = Aw0i I ELENEEE
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20| W& n—u':FZm 70| 70[289 ~7]~7| 7| 7| vof 0o}
Va=Vc=-15] - 1] 4] 4] 1| -1]H3 3] - “tf=t) o) o} o] o] =i}
-] o] wj-n e 4 Halzt 3| 3|-3|-3]-¢|-6] &
Vg~ ¥ = .66 i1|34|34] 1| 37 1] 34 34 ] -1 ~i -] 4] 1
-20{ 20| 20| 20417 | SSF50)-17 | 27| oajioAlE = 5 G )
| Vig+Vp=i54 3| 79| 79 3] 3}ades 3 3|-3l-3-3j-3} 3| 3
Vaban = 442[;&!44 19119 [24 ~4l-4] Al Al 6] 6|-6]-6
s = 104- 10| 201-20}-20{ 20f 20|-20}- wiokwo| o] wi wj-10f-10f oo w]w
E——— -
-] of o] -t of o] of o] &| of o] 6] 9] osp4] r] 133 RA3|-5]|-5] 5| 5|-4]-4] 4] 4]~a]-4a] 4] #
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-2 -zl T} m
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A 3 a -1-7
z[ 2 ~8[~8) ML
[ Vg~ Vp= 20 0] w0 -1 -4
Vagon = 2| ¢t o| o
| Vorn=-25] il -0 §| TjR[-8] B} 2{-2]-2] 2} |41 ] § -y ~4 -1 1 v
RESIDUAL | o] o] o] o] of o] of o] o] o] o] o] -2] -\| -1]|-2] ra] 14frafraf-s]-5] 5] 5|~ 3[-3 3|-s]-6] 6] ©
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" TABLE 5. CHECK OF RELAXATIONS IN TABLE 4.

DISPL.. ¥4 Yo Ye [Yo Ve Y Y6 % ¥ [V [YL [tk [ e [ PR DRofe X PR i XX DX ool
m-m oo 60| 60| 60] 60
VA-VD-—4.9I 10 40[250-230;-!0 400 0| V0|-10[-10|-401-10] 10] O
Wfo—27-lk5|5-l—|!44 -1 -~ -4 g i t-y-1
V=V -2.75 H19| - 6] -6 19280111 1 | 280129 | -6 |-6R9| o of-6[-6 -6|-6| 6] &
VF"'VG" 0
_VJ-V! !-—I.DS =50 -2 -2 |-50H08]-4}-4 -50|-2 -2 |50 zl 2]-2|-2 -2i-2| 2] 2
VeV = .72 1|37]37] 1| 3fratrel 3] 1[37]37] i -1 -=if f v
VN-VQ-.33 WS LE sk 1 i =t "o ] =1-=0
%rw,-LT4 3 &ﬂaﬂ Al 3|-9%19%] 3 3| 3|-3}-3]|-3]-3] 3] 3
RESIDUAL O |-1]l-tjo|O0] 0] OJO] O] Y 1] of-3] o 0]-31 15 SES5H51-61-6] 6] 6]-4|-4 4&]-S5|-5] 5| &
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TABLE 6. RELAXATION OF HORIZONTAL FORCES FOR MODEL WITHOUT CUTOUT.

DISPL. e oo e e e P, oo e e aepeeopee e X X ek Mool
'R'i.sc;ggé‘g ol-11-il ol ol ol ol ol ol +| 1| 0]-3| of o|-3] 15| s}is|-15l-el-6| 6| 6|-a{—4| 4] 4|-5|-5| 5| 5
Up=Up =30]=1] | =1 [=" [ [ T S A S -]
- Y BT N Y D ol 29[z 6l-5|-5| 5| 5
lug-u =20 9l-20| 289
3| o o]-9
UK“UD-JB ‘ij 3—3 “,
ol 8- ©
Ug-U =05 21-8| al-2
2| o] o[-z
Ug~Uy=09 5|-4] a{-s
: - o[-9] o] o
U;—UG-;M ~3] 9|-9] 3
—3[ o[ o] 3
Uz-U,-07 - 4l-3| al-a
M ol-7[ 7 o
Ug-U=-04 -2| 6l-6| 2
' 21l 1] 2
Ug-Ug .10 N sl-5| 5|-5
. ol40[ 0] o
Ug~U—07 _ e i e
ResuAL [l ol ol = ol if [ o[-3[ o[ o]-a| 2| o] o-2|-3] of o] af-2z[-t[ t[ 2[-3| o] o] 3
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TABLE 7. CHECK OF RELAXATIONS IN TABLE 6.
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RESIDUAL
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TABLE 8. STRESS CALCULATIONS FOR MODEL
WITHOUT CUTOUT.

CALCULATION OF STRESSES IN VERTICAL STRINGERS,

— 4
M%‘gER Vi, 1'r’g,?.xlcf‘v,, ror xic C;r;:z:)l o K_.'_N’;:/'m STRESS
AE |DH |-4.91 |- 2.75 2.16 | 375 | s8I0
EJ |HM|-2.75 | - 1.06 1.69 . 634
JN | MQ| - 108 .33 1.39 " 521
BF | CG| - .27 o] .27 " o]l
FKR | GL 0 72 72 " 270
KO | LP 72 .74 .02 " 382

CALCULATION OF STRESSES IN HORIZONTAL STRIPS,

— 4
L el P £
AB CD .48 .25 -.23 | 375 |- 86
BC 25 -.25 - .50 " -187
EF GH -.09 -.06 .03 " i
FG -.06 .06 12 " 45
JK LM -.07 -.04 .03 " I
KL -.04 .04 .08 " 30
NO PQ -.10 -.07 .03 . i
oP -.07 .07 14 " 53




TABLE 9. GROUP OPERATIONS TABLE FOR MODEL WITH SINGLE CUTOUT.

088 "oN NI YOVX

DISPL. Ya Yo Ye Yo Ve [ [Ya ¥ [Ya Y [ [ [Yo[ Yo [YePXa a0 PRI s DXiXXe
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TABLE 10. CHECK TABLE OF RELAXATIONS FOR MODEL WITHOUT CUTOUT
WITH OPERATIONS PERTAINING TO MODEL WITH SINGLE CUTOUT.

DISPL..

YaYa

Ve
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e

\i

Y[

Y,

i

A

A’

N

Yo

Y

Yq

KaXeXc

KX

X

X,

Xa

LOADS

"

O

&0

60

60

Vo= Vg—-4.91

=50-10

10

10 [-230

10(-10

10

_,,Y_;B_- VC--'E-’

=1} 15

44

4] -1

~{

Ve= V275

-6

-6

9

~6| %9129

|-

Ve=Vg= 0

v 'n V!'l ~1.06

:

WA
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Ve Y =72

37

Vg 733
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7
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Us-Up~.48
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37 37
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et

RESIDUAL

8[-14

o

(7]

-7

-3

Q

L]

-3

3

0] o

-3

-2

z

-7

-3

FORCES IN LB., DISPLACEMENTS ININ. X 1074,

DS8 ‘oN NI VOVN

L2




TABLE II. RELAXATION OF RESIDUAL VERTICAL FORCES FOR MODEL
WITH SINGLE CUTOUT.

DISPL. ¥ W ¥ [¥o e [¥ [Y P Y Y Y i P Y Y P DX X X, X
RESIDUALL 5 | 1|-2|-2| 2| a4 o} 1[12}-7]-3] o] ol-a] 3] o} o}-3]-2 nlz|-1+al-7|-3] o] o
"FORCES. - 8 3
!M'VQ"".M =7 -1] 7 -1]1 =i - Li)
[y "o 2 -8 1| a
Vp= Vi =4l 2| 2 2| 2 H9 -2|-2 2| 2
’ -] O 6] O -19 -21-5 W3
Vu'Vq":37 =17 -1119 -1 el Rl | {1 |
— 7 10] 0 2[4 hvol-9 z] 5
Vo~ V33 sl L -1} V7] -6 =1~ 1
~2] 3 5 0 al’ ) -31-6 1] A
V""V-".3I -15 -4 16 -jt =y|-t 1]
3 s a0 3|0 L o 3] 6
VD-VH'-.ZQ =] ¥ -1 15 - & -11=t i1
. “al 2 K a B =47 2] 15 1. \
VW va-2v - - =1~ \
M Q
3 8l 0 Y 2z al 7
v,=- 13 -6 3 -6 -
2 0 -6
VM‘—,OG —'3 6 -3
2 0 -2
v, = 07 3 -8 3
; 7 Q -
0 Q al-
Vp=-08 4 4
o -7
Vy=-07 -3 7 -3
- 2 H 2 2 2 2|2 2| 2
| VorsarS -2j 2 2| 2 2| 2 -2| 2 -2 |- 2 -2/
ResiDUAL |-2| 1|~2[-t[-2] 2f~2| 2] o] \[ v[-1[-3] o]-3] of 3l of-efo|-2| 2| 1a]\7|-2[-1Fal3]-3] o[ & ©
FORCES CEMENTS N
ORC .. DJ SN N X

0S8 "CN KL VOVN




TABLE 2. CHECK OF RELAXATIONS IN TABLE II.

DISPL. Ya oY Yo Y [V ¥ ¥ Yo tc . o [ Vo 1o [ XX o X KX X XX DX
onces 72| 1| 1[-2|-2| 2| 8]1a| o] 1| 12|-7 3] o] 0-3 3| 0] o}-3|-2| 2} 8] u1|-2|-1]-8]-7]-3| 6| 0
Vp=— L6l —3[ e ~3}-73 -3]-3 33
vi=t73 | | [-2}8)] | [-3]w9 8| ~3|-3 3l 3
| Vy=-L65 -1 -3| -3 -3[-3 3
Vg—1.59 ~a|-78 e 3|3 a
Ve - 0
Ve = 06 3 -7 3
v, = 07 3 -8 3 '
RESIDUAL [-2[ t[-2[-t[-2[ 2[-2[2[ of 1| 1[-V[-3[ o[-3[ V[ 2[ o[-sFa[-2] 2[1a[ 7[-2[-1[+afz[-3[ o[ &

FORCES IN LB., DISPLACEMENTS IN IN. X 1074,
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- TABLE 13, RELAXATION OF RESIDUAL HORIZONTAL FORCES FOR MODEL

WITH SINGLE CUTOUT. SHEET |\
. | | 1 1 | ] 1 1 . | 1
DISPL. 1V [Ya Yo [ | ¥e ¥ [V ¥ Yo [Yi [YL %4 [ [Yo [ Yo [YaP<aPXe X RGP PPN X ig
RESIDUALL o] [-2| -1i-2| 2]-2] 2] ol 1] 1]-1l-3] ol-al 1] 3l ol-el-ol-2| 2] vaf r7]-2| -1 Hal4al-3] o} 6] @
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-4 2 2t 0 4]-8 5] 1&{ -4]-3
U, =-18 3| o
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i7 7l29H2 i
u, =27 1]t -1 ) L] 13 i
=11 3| 1 6|18 -al6 2|2
o= 10 5|5
W &
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UM" "5 8 B
Uyni—! | 4 -4 al-4 4|-a| 4 _4} a] 8| 8] a|-slr6lrzl-#] 8] w|12| 4|-4|-8]-8}-4
U ol 2| al-e[-1] V| 3|-3] Z] o] 4]-5] o] V|-3F3l 8| o] o] 1|-2| 2[ o] o] ol 0| o] 0]-9] o] 0] 0
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TABLE 13. RELAXATION OF RESIDUAL HORZONTAL FORCES FOR MODEL
WITH SINGLE CUTOUT.

SHEET 2.

DISPL.

FORCES N LB., DISPLACEMENTS IN IN. X 1074,

AAAAAR AT AR e PXe XXX i
RFESWALo o]-6]-1] 1] 3]-3| 2| o} 4]-5! o] 1|-3]-3 8] o] of. 1}-2] 2| 0] o] 0] o] o] o}-3] o} of 0
_ o6
Uc-—.OG -3| 6|-3
09 3 4E
B 2l 3
Uy=-14 7
2|-7
Up = .09 al-9| 4
~3a| &
Ug= 13 : 6(-7
| ' ¥ -al-3
V=S -2] 2 -2| 2 -2f 2 -2| 2 -2 |-2 L2 -2|-2 2| 2
RESIDUAL [ o] 2|-2|=&|=1] 1] t[~1] 2] o 2]-3] 1] o|<s|=i1 2| 3| o] ¥lz| 2 2| 0] of2f2f2-3|-1[1

0S8 "ON NI YOVX

e




TABLE 14. COMPLETE CHECK TABLE FOR MODEL WITH SINGLE CUTOUT.
SHEET I

x ADJUSTED VALUES APPEAR AT END OF TABLE.

DISPL.
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Ve

E

S

0

X

K

Xe

X0

[EXTERNAL
LOADS
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TABLE 4. COMPLETE CHECK TABLE FOR MODEL WITH SINGLE CUTOUT.

% ADJUSTED VALUES APPEAR AT END OF TABLE. SHEET 2.
DISPL.. [Ya[a[Ye Yo Ve Y Yo [V Yo Yk [Yi M Yo Ve Ve XAXBIXCXD X XXX XK oXefq
u"-47 |-i 1]~ =1~ 26]-22| -1~
Up=-35 |- I T E -] -] N7 71 | -tl=1]

*¥U.= 06 3l-6| 3
Uy =.35 B INE Yl 16|48
u,~-80 2| 2 2|2 -2|-2 A5|-28 2]-2
Uy=—.81 ~2 2 2] -2 -2|-3}-2] |39 an-39| |-2]|-3}-2
Up=—.96 2] 2 2l2] |2 |2 2|2 Fab] 0245 [-2]-4]-2
Uy L) 2|2 2|2 -52] 56 -2[-2
Uy=—24 )1

¥Ug=—.13 -1 -6] B]-6
Uy = 16 | 7He| 7
Ug=.33 1 1 I i 15/-\7
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*Vp=-7.07 -4/ 359 14 |33 14|44 14| 14

*Vp = 166 aley 3 39 3 3 -3 -3 3

*Ug~ .09 Alo] 4

¥ Ug=—135 -\ -6| 14|-6

FINAL .
ol 1|-3|-2]-3| 2| v[-2] 21 o]~ |-3| | ~1]|-)| -] t]| 3| o 2{-3] 2] of 3| o -1|-3|-3|-3|-3]|1

SR !

FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

“ON K1 VOVHN

0se

e
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TABLE 15. STRESS CALCULATIONS FOR MODEL
WITH SINGLE CUTOUT.

CALCULATION OF STRESSES IN VERTICAL STRINGERS,

MEMBER - |kxio—4
S K b Y L
AE -4 .9 -2.75 2.18 375 | 810
DH -7.07 -4.98 2.09 " 785
EJ -2.75 -1.08 1.69 " 634
HM -498 =3.21 .77 " 664
JN - 1.06 .33 1.39 u 521
MQ =-3.21 - 1.76 1.45 " 544
BF - .27 0 .27 n 101
cG - .27 .06 33 - 124
FK (o] .72 .72 " 270
GL - .08 .79 13 " 274
KO .72 1.74 .02 " 382
Le .79 1.68 .87 " 326

CALCULATION OF STRESSES IN HORIZONTAL STRIPS,

= )
Mﬁ?‘dr?ER %T&T xi* u"“&x D4l@u::::f)-'°‘ Té;?m. s'rfff's |

AB- | -.40 -.69 -20 | 375 |-109
BC | -.69 | -1.3 -.62 w |-232
co | -3 - 1.87 -.38 “ |-135
EF | =-.47 -.35 a2 " a5
FG -.35 .09 .44 " 185
GH .09 .35 .26 " 98
JK -.oU - .8l -.0i w =4

KL - .8l - .98 -.15 "o | -56
LM -.968 | -1l -.18 n | -56
NO -.24 -.135 105 | 39
OP -.135 16 295 | (1
PQ 18 .33 A7 " e4




TABLE 16. OPERATIONS TABLE FOR MODEL WITH DOUBLE CUTOUT. SHEET |

0498 "ON KL VOVN

DISPL.. [Yaf¥a[Yc Vo Y [¥ o [ Y ¥ 1YY [ Yo [ Yo [ Yo PRuPLafXc e XXX XX DX XK

Vau |50 b 200f :

v:- [ ~ Josjaogy 3 foo .00

v,= | | T s p0[2.00 B

V= | of | e o0 | 2eopool
Varoo™ | PRSI0 Feopay )0 B0 OO0 JAORAD0 0|0 THE) OO0 0|
[ Ve~ | 7 ooz 80 P poo] pox

VFE 1 banlsasbanl In_mh::a*bwmu erua] )} b.ml_egg o ankan| n:\n:n 0

V= | zoa[agl| O 3 | 0 00] 0

Vo= | 2001482200]  pook72 poo] 200l kool ool
VBLMK- ! o E o m o i 0 0 ‘gi Ll o

Vo= 1| pmpsmrpmo| poofspos] | | | | | Foe| o] o] pow -

Vo= ! jpoola2 ool 4 0ot oo[ 0

o1 pl2 jeoo| o-gdol ool o R.00|

L poo]pooi ™ poof —pox
Verock™ | T ojaac 100 100 L T AN L0

o= 1| | poepm | poopen ‘ Pops] | PED)

V= | 00 29 0 jaz) 0200 200p00] ofo

Yi- : o l —h'z—l i | _0— 0 1 [ =] =

T oOjesl | POk s ponpao
Vo ock™ ! 00[A00 Atougo) | jeoojasd M‘lﬂ__ [0 == o 001400

UNDERLINED NUMBERS ARE NEGATIVE,
FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

=14



TABLE 16. OPERATIONS TABLE FOR MODEL WITH DOUBLE CUTOUT. SHEET 2.

SET AR A A A A A A A A A A A
Ups | T
Ug~ | ool kool bool ool hﬂhh_:,;tg %
U™ | ool poof b 100
Up= | 00 P00 00200 , }‘ﬁ’%i‘mmﬁm
U oer | [120]0 [0 poofasdf 0] 0 - AOB 0000 K
e o o | i | 15
Up~1 P00 0 0 j200 P00 p00j WIBJORGMGE|  FOOR00
Ug~ ! ofpool poof 0 oo pookoopoo|  Wasjs
G T gl | okl [ 1o Fpo_| b | T4
Usiock = ! 0 | 0 Jago| 0Jaoo} o golago ook iad
U, = | pookoo et 200 200 pasie
U= | “ookoo| o] |0 Teso| 0 £ookoo] o] |rsloesises| oo
u-r | 00| Ooo| peo 0;: joLsue gﬁ
Up= | olo thm 0 0] 0 H&N_
| Unyock™ | T 100] 0 [A00A0} 0] 0 Ju0d A m_qﬁ_ﬁwm 00[300}a00
Uy~ | ooy poopoo poopsa] | Fspes
- o] m b
ooy ) otz i
&- ! ==, @l me =1
uﬁi.ﬁﬁi\‘-! l“"'m'llg o|'.:.'J"' 'Lo 0!‘4& WPNWI"@F@MM

UNDERLINED NUMBERS ARE NEGATIVE.
FORCES IN LB. DISPLACEMENTS IN IN. X 107%.
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TABLE 17. CHECK TABLE OF RELAXATIONS FOR MODEL WITH SINGLE CUTOUT WITH
OPERATIONS PERTAINING TO MODEL WITH DOUBLE CUTOUT. SHEET 1

DISPL. ¥ [¥a¥e Yo e P V¥ Yo Yicl¥. Yo Ve PP e XX X P DKo ]

Va=—4.9 10 10 fo] 10 -10]40

Vi = 33 K 7] 1 11 1K

’<
]
N
&
w
|
4

Sl

m
V,—4.98 m Ho HoHo 10

ON Rl YOVN

0s8

LE



TABLE 17 CHECK TABLE OF RELAXATIONS FOR MODEL WITH SINGLE CUTOUT WITH

OPERATIONS PERTAINING TO MODEL WITH DOUBLE CUTOUT. SHEET 2.
DISPL. [Ya Vo ¥eVolVe M Va4 s [Vl Nl [V o XolXeXr XA Xp
Up=—40 | 1l-1 i ) =
Up=—69 | 1| [ THE sz [-1]-3]-1
U131 3 F3[ 13 3 Gi[mlal [-3[5]-3
U167 3}-3 3]-3 78| &5 “3]-3
Q=47 |[-1] 1 V- Y = 2672 -1
| Up~—35 |- I NENEE ~t-8|-] Prfathel |11
Ug— 09 _ al-9] 4
U= 35 15 1En 1K Ty T
u,=—80 2| e =3 “2|-2 asf38 —2|-2
Ug=—81 2| 2 Zl-2| | z| Iz —2|-2 "39) 86}38] |-2|-3)-2
U _——96 2l 2| [zl |2 Las|9alas[ [-2|-4]-2
TE=TT] - 2|-2 2]-2 56 o ]-2
u, =—24 12}-11
Uo=—135 1 “6[ 146
Up = 16 \ 7he| 7
Ug =~ .33 = 1|y K 517
RESIDUAL [-4] \[-3}-6)-3 s-"rLz 2| 5|23} 3| 1] o] 1] 1] 3} o] 2|-3] 2| 5| 3| o|-3}-4|-3j-a}3|-i] 1
FORCES IN LB, DISPLACEMENTS IN IN. X 1074,

"OoN N&L YOVN

088
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TABLE 18. RELAXATION OF RESIDUAL FORCES FOR MODEL WITH DOUBLE CUTOUT.

SHEET 2.
DISPL. [Wa[¥a cl¥o Ve e ¥ Y i kv ¥ PRaafX ot e Pt XX DX oo |
R;*—gg&gi-o ol-1l-2] o] ol-2[-3f 1] t] o|-5l o] 1| 1]-2] 1[-8]-3| 10]-2] 4] 8]-5] 1] 6}-SF\2|-5}]13] 0] 10
Uy =~ 10 _HiE |
3l o
U, =~.06 -3| 6]-3
-5[ 20 0
Ug=- .21 2k
. 7
U~ ~.24 meh
[l6| 0
Uy =.34 1| -1 = 1 1K 16}36] (6 il ] o
W= o W[ |- 2 s 10 i7F30] 0| -4l
u, = .44 t] -1 i i -2g 2| 0o
Unaco = zl-2 ] ) KT —8|-9 aFn
U2 00 -8l & -8| 8 - 8l-8 8| 8 i
2
— ~6[ o =7 8 1E o[=1
U, ~ 7 ah7| 9| \
okl 8
u, = .38 T S
—2|-1
Uy=—04 z|-2
=T
Up =~ .24 { 124 11
i = e K]
Ug = 44 21|22
ol ol<il-zl-el el-zl-3|=7| 8| 11-1l-2| 21 2]-2) 1| ol-2]-1] 1] 3| 1] o] o|=1| 1| o|-1]-2|-2}-1
Vagn==50| 2|-2 4|-4] 1 4|-4 2|2l 2l 2 —2{-2
V=V~ | 2l-2 Z| 2 3 4 o[ 0 32 —3-A
Vivp=04|-2| 2 2}-2 2|-2| | |-2| 2
ResipUAL | o] o|=-1l~-2] o o|-z[-3|-1] 2| 1]-1[-2] 2| 2|-2| 3| 2|-2|-1] 1| 3| 1] o] o|-}] I| O|-3}-4}-2}-!
FORCES IN LB., DISPLACEMENTS iN iN, X 07*

YOVH

"ON NI

0Ge

o¥
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m

EXTERNAL o4 124 : 62| 62] 62| 62
LM ALS o3
-1 L5511t uln 11
152] ~7 330-13 H52[- 7 ' 7 7
-67[- 3 u5|-6 -67|-3 . 3 3
4 -5
=1 z7|- |-Vl -1 ] )
2] 51 4Ri5] 2 2{52| 2 Z| 2 z
4|08 4 4H23
-6lmal-6] 6Hwi-6 - 6 6 b
-6H35l-6] |-6{57-6 -6 ) 6
6HB4 6 6[158] 6

8lwe| 8] | sfe] 8

FORCES IN LB., DISPLACEMENTS IN IN. X 1074,

! i

"ON NI YOVN

0Sé

6]397 Ho 364 16 Hie
M 1 fs30) P LI
45 E'E -
~3]-73 -3| 7 3
-3 3 -3 3 1ES 3
FRERSRE A NEREEBE
2| [ 2] [ |2 ) 2| 3
=1 = 3 |
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TABLE 19. COMPLETE CHECK TABLE FOR MODEL WITH DOUBLE CUTOUT,
* ADJUSTED VALUES APPEAR AT END OF TABLE.

SHEET 2.

DISPL.

Ya

Ys

L

YolYe

Yr

Yo

L\S

Y

YL YM

Y

Yo

Yp

Yo

Xa

Xe

Kc

Xo,

Xe

Xr

e

X

X

Xp

Xl

Ug= 1.32

w

3

3

-7

o

®Ug = |59

-3

-3

3

3

76

69

Ug= 209

3
6
4

o

98|

EA

U,=225

14

u,=—.36

U .47

u = -96

]

45

U =-135
Uni

3
1
IR

-63,

69

Upn="—.28

Ug=— 13

UP = 40

UQ - .77

o
I
ro

RESIBUAL

*U, = 1.6

t 34 P -04

-Z

«Vo= 218

107

HL5

*V=-7.78

Hb

vy 544

* VQ"""'.59

8l

FINAL

e

-2

2

-3

3

-4

3

-3

2

3

~3

FORCES IN LB. DISPLACEMENTS IN IN. X i0™¢

TON NI YOVN
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TABLE 20. STRESS CALCULATIONS FOR MODEL
WITH DOUBLE CUTOUT.

CALCULATION OF STRESSES IN VERTICAL STRINGERS,

_ -4
Yo rorXiF\y ror x10° (\‘::::mo‘. ;érﬁ'* e

AE -545 | -3.25 2.20 | 375 | 825
DH -7.78 | -5.44 2.34 " 878
EJ -325 |-1.43 .82 | 683
HM | -544 | -3.27 2.17 u 8i4

JN | -1.43 .09 1.52 . 570
MQ | -327 |- 1t.59 .68 ' 630
BF - 48 |- .04 .44 . 165
CG | -277 |-2.75 .02 ' 8
FK - .04 .05 1.09 " 409
KO 1.05 2.18 1.13 . 424
LP 3.22 3.79 .57 " 214

CALCULATION OF STRESSES IN HORIZONTAL STRIPS

4 a - |Kxl0™4
NN i o s [V ey
AB 1.60 1.31 -.29 | 375 |-109
BC 1.3 86 | -.45 v |-1e9
cD 86 71 - 15 “ |- 56
EF 1.32 1.6l .29 " 109
FG 1.6l 2.09 48 | o 180
GH 2.09 2.25 16 " 60
JK | - 36 | -.4a7 | -.n |- al
KL | - 47 | - .96 | -.49 v |-184
LM | - 96 | -1.35 | -.30 v |-148
NO | - 28 | - .13 15 n 56
oP - 13 40 53 | 199
PQ |- .40 77 37 . 139
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NACA TN No.950 . Fig. 8

Figure 2.- Front view of test setup.



NACA TN No. 950 Fig. 3

Figure 3.~ Three~-quarter view of test setup.
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FIG.6. SCHEMATIC DRAWING OF MODEL

WITHOUT CUTOUT.
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FIG.7. SCHEMATIC DRAWING OF MODEL
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F1G.9. CALCULATED AND MEASURED DIRECT STRESS IN
STRINGERS FOR MODEL WITH SINGLE CUTOUT.
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FIG.8. SCHEMATIC DRAWING OF MODEL
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———— FOR MODEL. WITH DOUBLE CUTOUT.
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FIG. 1. COMPARISON OF CALCULATED DIRECT STRESS
FIG. 10. CALCULATED AND MEASURED DIRECT STRESS N IN STRINGERS FOR THE THREE
STRINGERS FOR MODEL WITH DOUBLE CUTOUT. MODEL CONDITIONS,
o MEASURED VALUES. _— FOR MODEL. WITH NO CUTOUT.
CALCULATED VALUES, ) ———— FOR MODEL WITH SINGLE CUTOUT.
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Fig. 12

FIG.12. COMPARISON OF CALCULATED DIRECT STRESS |
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IN HORIZONTAL STRIPS FOR THE
THREE MODEL CONDITIONS.
FOR MODEL WITH NO CUTOQUT.

'FOR MODEL W

ITH SINGLE CUTOUT.

FOR MODEL WITH DOUBLE CUTOUT.




